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METHODS FOR THE PRODUCTION OF PROTEINS 
WriH A DESIRED FUNCTION 

Descriptinn 

5 

Technical Fteld 

The present invention relates generally to Uie production of proteins 
with a desired function, and more spedficallyi to methods for identifying specific 
antibodies or other proteins which can bind to a specific substance, and activate, 
10 catalyze, or otherwise effect a desired function. These methods also provide for 
modification of the identified protein, and for production of the protein in large 
quantities. 

Background nf t^^ ^nvi^ntinp 

15 Proteins have long been recognized for their crucial role in many 

biological activities. Proteins in general have many capabilities, including, among 
others, the ability to activate or catalyze reactions, as well as the ability to cleave 
or modify other proteins, carbohydrates and organic cc: ipounds. 

Although recombinant DNA techniques have been developed for 

20 producing useful proteins, one of the most difficult aspects of these processes lies 
in first detecting and isolating proteins of a desired biological activity. Once the 
protein has been detected and isolated in sufficient quantities, the structure of the 
gene encoding the protein may be deduced and used to produce the protein by 
recombinant DNA techniques. Various methods have been developed for 

25 detecting protehis of a desired biological activity, including a wide variety of 
biological assays. For example, proteins may be detected through the use of 
enzyme assays^ binding assays which measure the affinity of proteins for specific 
substrates, or assays which detect the stimulation of cell growth. 

One particular class of proteins, antibodies, has been identified and 

30 developed for therapeutic and diagnostic uses. Antibodies have a vast diversity of 
structure and function which allows virtually any given substance to be recognized. 
For example, antibodies may be found which are able to specifically bind to 
and/or neutralize particular toxins, viruses, parasites, and other etiologic agents. 
Additionally, antibody molecules have been identified that can mimic the 

3S functions of other proteins, such as growth factors, hormones, or engines. While 
methods have been developed to produce potentially unlimited quantities of 
specific monodonal antibodies, these methods are severely limited in their 
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{^)plication due to the difBculty of isolating hybridomas from antibody-fonning 
cells that occur only at low frequencies. More specifically, antftjody-forming cells 
which produce antibodies with a restricted specificity, or with a particular 
functional activity such as the ability to mimic the function of an en^me or 

5 hormone represent anUbody-forming cells which are very difBcult to isolate which 
are very difficult to isolate because they form only a small proportion of the 
antibodies that bind enzymes or hormone receptors. Moreover, some desired 
antibodies may be formed onfy by certain species of animals for which the 
hybridoma technology is unavailable. 

10 Somatic cell hybridization is the most widely used method for 

producing monoclonal antibodies (see Kohler and Milstein, y^^tpye 2§S:495, 
1975). Although various modifications have been adopted in an effort to improve 
upon this method, such as invitrv immunization, electrofusion. and receptor- 
mediated strategies (see Mgr^^^lnnal Antibody Production Techniques ^d 

15 ^a^ggHsaJisns, Lawrence B. Schook (ed.), Marcel DeWcer IflC, 1987), the method of 
somatic cell hybridization has remained essentially unchanged. Briefly, within this 
method, an «r^im»^ is immunized with an antigen of interest inducing the 
development of an immune response by the animal to the antigen of interest Hie 
animal is then sacrificed and organs with large deposits of B cells (such as the 

20 spleen and fymph nodes) are removed and fused to an immortal cell line, such as 
nS'L The resulting hybridomas are then screened for specificity to the antigen of 
interest and subcloned untfl a single specific clone is obtained (see Paul G. Price, 
"Hybridoma Technology," M^^*^^ ™ Culture. VoL 4, 1985). 

There are, however, many deficiendes with this method. One 

25 deficiency is that monoclonal antibodies cannot readily be made f^om human 
cells. Tht basic method requires immunization of an animal foUowed by the 
removal of its spleen and lymph nodes, which, of course, is not feasible for 
humans. Even if other techniques are used, such as i« wfto immunization using 
human oell^ there are other difflculties to overcome. 

30 For example, it has proven difficult to fiad suitable human 

myeloma-fusion partners; human-human hybrids are not as stable and do not 
produce as great a quantity of antibody as can be attained in mouse-mouse fusion 
systems. Another difficulty is that human cells contain various repressed lethal 
viruses which may be activated and expressed upon hybridization and subsequent 

35 recombination. These viruses can be infecttous, and pose issues of health and 
safety for lab workers. Furthermore, it is difficult to absolutely purify away all 
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lethal viruses from the monoclonal antibodiesy and thus such antibodies could not 
readily b@ used therapeutically for humans. 

Another difficnlty of the basic method is obtaining rare antibodies. 
The size of the original pool of hybridomas is limited by th@ number stable 
5 antibody clones that can be generated and screened in a reasonable time and by 
the intrinsic ineffidency of the process. Hius, of the antibody cells present in the 
population of imsmnised cells that are subjected to the ftision process, only a 
small fhiction form stable antih dy*produclng hybrids and are avaflabla to screen 
for the desired aneibo4y. Furthermore, antibodies must b@ subdoned in a tedious 

10 growth and subcloalng process during which the desired antibody-forming cell may 
be lost If the desired antibody is formed by only a small fraction of antibody- 
forming cells mvolved in an immune response, for example, an antibody which 
mimics an en^e» th@ likelihood that this antibody will be produced by any of the 
stable hybrids available for screening is correspondingly small. 

IS Yet another difiScul^ of the basic method is in varying the spedes of 

origin of the monodonal antibody, While monoclonal antibodies can be produced 
from rodents, sudi as mice^ rats and hamsters, th^ cannot readily be produced 
from other spedes, sudi as hmnans. as discussed abov®. Sinee the antibocfy 
repertoire differs for difS^ent animals, it would be advantageous if these intrinsic 

20 differences in repertoire could be e^loited in order to produce a monoclonal 
antibody of a desired function or specificity. 

Thus, there remains a need in the art for a method of produdng 
proteins that replicate the binding characteristics and desired function of 
particular antibodies. Ihe present invention fulfills this need, along with 

25 providing other related advantages. 

Summary of the ^pwnhny^ 

Brieffy stated, the present invention provides a method for 
produdng proteins with a desired function. In one aspect, the method comprises 

30 the steps of (a) providing a population of antibody-forming cells suspected of 
containing at least one cell capable of producing an antibody with a desired 
function; (b) suspending the population of antibody-forming cells in a medium, the 
medium having an indicator system incorporated tl'erein, the indicator system also 
being capable of indicating the presence and location of a cell which forms 

35 antibodies exhibiting a desired function; (c) identifying a forming an antibody 
exhibiting the desired function; ) isolating the identified antibody-formhig cell 
from the medium; (e) determining the amino acid sequence of the variable region 
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or a portion thereof which confers the desired function of the antibody produced 
by the isolated antibody-forming cell; and (f) synthesizing a protein with a desired 
function, the protein containing the amino add sequence of the variable region or 
portion thereof conferring the desired function. Within an alternative 

5 embodiment, step (f) above is replaced with the following steps: (i) incorporating 
the DNA sequence corresponding to the amino add sequence of the variable 
region or portion thereof conferring the desired function into a vector, the vector 
being capable of directing th© espression and secretion of the protein with a 
desired function; (g) transfecttag the vector into a host cell; (h) growing the vector 

10 into a host cell; and (1) isolating the protein with the desired function. 

Within farther embodiments, subsequent to the steps of isolating 
the antibody-forming ceU. th© method further comprises th© steps of (a) 
recovering RNA fi-om the isolated antibody-forming cell; (b) generating cDNA 
from the RNA; and (c) ampli^ng the cDNA of the variable region or a portion 

15 thereof which confers the desired function of the antibody produced by the 
isolated antibody-forming cell. As an alternative to steps (b) and (c), the foUowing 
steps may be performed; (b) amplifying the RNA of the variable region or a 
porUon thereof whldi confers the desired function of the antftody produced by 
the isolated antibody-forming cell; and (c) generating cDNA from the RNA. 

20 Within yet another alternative, steps (a), (b) and (c) are replaced with the 
following steps: (a) recovering DNA from the isolated antibody-fomaing ceU; and 
(b) ampUfying the DNA of the variable region or a portion thereof which confers 
the desired fimction of the antibo<fy produced by the isolated antibody-forming 
ceU. 

25 Within yet another embodiment, subsequent to the step of 

determining the amino add sequence, the amino add sequence of the portion 
conferring the desired function is optimized sudi that the desired fimction is 
enhanced. 

Within another aspect of the present invention, a method is 
30 provided for produdng a protein with a desired function, comprising: 

(a) providing a population of antibody-forming cells suspected of containing at 
least one ceU capable of produdng an antibody exhibiting a desired function; 

(b) suspending the population of antibody-forming ceUs in a medium, the medium 
having an indicator system incorporated therein, the indicator system being 

35 capable of indicating the presence and location of a ceU whidi forms antibodies 
exhibiting the desired function; (c) identifying a ceU forming an antibody 
exhibiting the desired function; (d) isolating the identified antlbodyforming cell 
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from the medium; (e) recovering RNA from the isolated aatibody-fonning cell; 
(0 generating cDNA from the RNA; (g) amplifying the cDNA of the portion of 
the variable region or & portion thereof which confers the desired function of the 
antibody produced by the isolated antibody-forming cell; (h) incorporating the 
5 amplified cDNA into a vector capable of directing the expression and secretion of 
a protein with the desired function; (i) transfecting the vector into a host cell; 
0) growing the host sell in an appropriate medium; and (k) isolating the protein 
with the desired function from the host cell. Within a &rther embodiment of this 
invention, steps (Q, (g) and (h) are replaced with thd following steps: 
10 (f) amplifying the RMA of the variable region or a portion thereof which confers 
the desired function of the antibody produced by the isolated antibody-forming 
cell; (g) generating cDNA from the RNA; and (h) incorporating the cDNA into a 
vector capable of directing the ^ression and secretion of a protein with the 
desired function. 

In one embodiment of the present invention, the indicator system 
comprises a layer of cells whose growth viability or function is affected by 
antibodies esshibitiqg a desired function produced by the isolated antibody<^orming 
edls. Hiese antibodies have an effect analogous to a pfotdn selected from the 
group coHsistiag of E/^le, JL-U, lL-2, IL-S, IL4, IL-S, E^, E/-7, WN^, IFN^, O- 

20 CiF, M-CSF, GM-CSF, TOF-c?, TGF-^. ©fythropoietin, EOF, PDOF, and the 
ligand of the kit protein. In another embodiment, the indicator system comprises 
one or more pathogenic microorganisms, and a layer of cells susceptible to 
infection by the mlcroorgaaisms, wherein the antfl>odies exhibiting a desired 
function are identified as those which affect the pathogeniciQ^ of the 

25 microorganism. In another embodiment, the layer of cells susceptible to infection 
by the microorganisms is adhered to a glass slide or petri dish. In yet another 
embodiment, the Indicator system comprises & set of two cell types selected from 
the group consisting of cells of distinct HLA histoeompatibillly antigen types, 
blood group antigen types, or tumor cells and normal cells ol the same lineage. In 

30 yet another embodiment, the indicator system comprises erythroqrtes or other 
partides coated with antigen, and the antibodies of a desired function are 
identified as those which bind to the coated antigen, causing the particles to 
agglutinate. 

In another embodiment of the present invention, the indicator 
35 system comprises eiythnx^es coated with antigen such that the antibodies of a 
desired function are identified as those which bind to the coated antigen and lyse 
cells in the presence of complement. Anti-immunoglobulin antibodies may be 
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added such that complement fixation is enhanced. In another embodiment, the 
indicator system comprises a substrate, and the antibody exhibiting a desired 
function is identified as that which modifies the substrate in a detectable manner. 
In yet another embodiment of the invention, the indicator system comprises a 
5 complexing factor, and the antibody-forming cell is identified as that which binds 
to the complexing factor, forming a rosette. Suitable complexing factors include 
erythrocytes bound to an antigen, particles bound to an antigen, and 
microorganisms. 

Also provided by the present invention are proteins which are 
10 produced by the above descrflied methods. 

Hiese and other aspects of the present invention will become 
evident upon re£^ence to the following detailed description. 

DetaUed Deserintinn of the tnvention 

15 Prior to setting forth the invention, it may be helpfiil to an 

understanding thereof to define certain terms to be used hereinafter. 

T^digfltnr System! An indicaUMT System manifests a spedfic desired 
activity in response to antibo^ on the surface of or released Into the vidnity of an 
20 antibody-forming oeU, thus permitting identification and isolation of the cell- 
producing antibody with the desired function. 

Anti ^ t ^Hv-Fomiing Cell! A cell which forms antibodies, such as a B- 
lymphocyte or its progeny including the plasma cell. These cells may either 

25 secrete antibodies (antibody-secreting cells) or maintain antibodies on the surface 
of the cell without secretion into the cellular environment Other antibody^ 
forming cells within the scope of the present invention indude bacterial cells, 
mammalian cells, yeast or other cells whidi form antibodies as a result of the 
artificial expression of introduced immunoglobulin genes or parts thereof 

30 according to the general methods described by Winter and colleagues (see E. S. 
Ward et aL, Natnre 341 :544. 1989; see also R. Orlandi et aL, Pffic. ^$tXl Sci. VSA 
£fi:3833, 1989) and by Lerner and colleagues (see W. D. Huse et al., "Generation 
of a Large Combinatorial library of the Inmamoglobulin Repertoire in Phage 
Lambda." Science 246: 1275. 19891. 

35 
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Mgdium: A substance that provides th§ minimum requirements for 
tb© "hort-term maintenance of cellular integrity and cellular structures. These 
requirements may be met by, for example, an isotonic buffer, 

5 Nutrient Medium: A substance that contains carbon and nitrogen 

sources as wi^li as other supplements which are required for the viablUiy of 
cultured cells. Such media may be obtained from commerdal sc rces or 
formulated from published redpe& (See catalogs of the American Typ^ Culture 
Collection, Rocleville, Md) 

10 As noted above, the present invention simplifies the mass 

production of proteins having a desired fonction. These proteins have the same 
binding characteristics as the antibody produced by a single carefully selected, 
antibody-forming cell and possess a biological activity which allows them to bind, 
catalyze, activate, or otherwise effect a desired function. The present invention 

IS allows the rapid identification and exploitation of such antibody-forming cells, 
even if present at only a very Icvi frequent. 

An antiboc^-forming cell may be identified among antibody-forming 
cells obtained from an animal which has either been immunized with a selected 
substance, or which has developed an immune response to an antigen as a result 

20 of disease. Animals may be immunized with a selected antigen using any of the 
techniques well known in the art suitable for generating an immune response (see 
Handbook op Expeiumk^al Immunowgy, D. M. Weir (ed.), Vol 4, Blackwell 
Scientific Publishers, Oxford, England, 1986). Within the contest of the present 
invention, the phrase ''selected antigen" includes any substance to which an 

2S antibody may be made* including, among others, proteins, carbohydrates, 
inorganic or organic molecules, and transition state analogs that resemble 
intermediates in an enigmatic process. Suitable antigens include, among others, 
biologically active proteins, hormones, cytokines, and their cell surface receptors, 
bacterial or parasitic cell membrane or purified components thereof, and viral 

30 antigens. Representative cytokines include E/-1©, 11^2, IL4, E/-5, 
6, n^7, IFN-cz, lFN-7» G-CSF, M-CSF, GM-CSF, TNF^, TGF-^, erythropoietin, 
EOF, PDGF, and the ligand of the kit protein. Representative viral antigens 
include reverse transcriptase core and envelope proieins, for e;£ample, gp 120, the 
envelope protein of HIV^L As will be appreciated by one of ordinary skill in the 

35 art, antigen^ ^vhich are of low inununogenicity may be accompanied with an 
adjuvant or ipten in order to increase the immune response (for example. 
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complete or incomplete Freund's adjuvant) or with a carrier such as keyhole 
limpet hemocyanin ^LH). 

Many warm-blooded animals, such as humans, rabbits, mice, rats, 
sheep, cows or pigs may be immunized In order to obtain antibody=fonning cells. 
5 However, mice and rats are generally preferred because of their ease in handling, 
weU-defined genetic traits, and the fact that they may be readily sacrificed. 
Procedures for immunizing animals are well known in the art. Briefly, animals are 
iiyected with the selected antigen against wWdi it is desired to raise antibodies. 
The selected antigen may be accompanied by an adjuvant or hapten, as discussed 
10 above, in order to further increase the immune response. Usually the substance is 
injected into the peritoneal cavi^, beneath the skin, or into the muscles or 
bloodstream. Hie injection is repeated at varying intervals and the immune 
response is usually monitored by deterting antibodies in the serum using an 
appropriate assay that detects the properties of the desired antibody. Large 
15 numbers of antibody-forming cells can be found in the spleen and lymph nod© of 
the immunized animal. Tha% once an immune resjjonse has bees generated, the 
animal is sacrificed, the spleen and lymph nodes are removed, and a single cell 
suspension is prepared using techniques well known in the art 

Antibody-forming cells may also be obtained from a subject which 
20 has generated the cells during the course of a selected disease. For instance, 
antibody-forming cells torn a human with a disease of unknown cause, such as 
rheumatoid arthritis, may be obtained and used in an effort to identic antibodies 
which have an effect on the disease process or which may lead to identification of 
an etiological agent or body component that is involved in the cause of fte 
25 disease. Similarly, antibody-forming cells may be obtained from subjects with 
disease due to known etiological agents such as malaria or AIDS. Hiese antibody- 
forming cells may be derived from the blood or lymph nodes, as well as from other 
diseased or normal tissues. Antibody-forming cells may be prepared from blood 
collected with an anticoagulant such as heparin or EDTA. Tlie antibody-forming 
30 cells may be further separated from erythrocytes and polymorphs using standard 
procedures such as centrifugation with FicoU-Hypaqu© (Pharmacia, Uppsula, 
Sweden). Antibody-forming ceUs may also be prepared from soUd tissues such as 
lymph nodes or mmors by dissociation with enzymes such as coUagen^' se and 
trypsin in the presence of EDTA. 
35 Antibody-forming cells may also be obtained by culture techniques 

such as in vitro immunization. Examples of such methods are described by C. R. 
Reading in j^MlfidSJlLEDSsaSfilo® 121:18-33 (J. J. Laagone, H. a van Vunakis 
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(eds.), Academic Press Lie, N. Y.). Briefly, a source of antibody-forming cells, 
sucb as a suspension of spleen or lymph node cells, or peripheral blood 
mononuclear cells are cultured in medium such as RPM 1640 with 10% fetal 
bovine serum and a source of the substance against which it is desired to develop 
5 antibodies. This medium may be additionally supplemented with amounts of 
substances known to ©nhanc© antibody-forming cell activation and proliferation 
such as lipopolysaccharide or its derivatives or other bacterial adjuvants or 
(yloldnes such as !D1, IL-2, TM, E^5, n^6, GM=CSF, and EFN-t. To enhance 
immunogenidty, the selected antigen may be coupled to the surface of cells, for 
10 example, spleen cells, by conventional techniques such as the use of biotin/avidin 
as described below. 

Antibodyofonning cells may also be obtained from very early 
monoclonal or oligodonal fusion culnires produced by conventiQnal hybridoma 
technology. Th& present invention is advantageous in that it allows rapid selection 
IS of antibodyoforming cells from unstable, interspecies hybridomas, e.g., formed by 
fusing antibody-forming ceils torn animals such as rabbits, humans, cows, pigs, 
cats, and dogs with & muri£)@ myeloma such NS°1. 

Antibo^-foiming cells may be enriched by methods based upon the 
sise or density of the antibody^forming relative to other ceils. An example of 
20 thd use of PercoU to separate cells according to density is described by van Mourik 
and W.P. Zeizlmaker in Methods in Engymn^^gy 121:174482 (J.J. Ungone, 
H.R van Vumdds (eds.), Academic Press Jnc., N.Y.). Gradients of varying 
density of solutions of bovine serum albumin can also be used to separate cells 
according to density. (See N. Moav and T. N. Harris, J. YmmunoL lflS:lSl2, 1970; 
25 see also Raid, D. J. in SELScm> Mehiods in Celluiar Immunology, B. MisheU and 
S. Shiigi (eds.), W. H. Freeman and Co., San Francisco, 1987). Hie fraction that is 
most enriched for desired antibody-forming cells can be determined in a 
preliminary procedure using the appropriate mdicator system (as described below) 
in order to establish the antibody-forming cells. 
30 In order to identiQr single antibody-forming cells producing 

antibodies of a desired function, the cells su^ cted of possessing the desired 
function are suspended in a medium having an "mdicator system" incorporated 
therein. Within the context of the present invention, "having an indicator system 
incorporated therein" includes not only indicator systems which are located within 
35 the medium containing the antibody-forming cells, but indicator systems which are 
positioned contiguous to the medium, such that the affects of the antibodies 
produced by the antibody-fonning cells may be manifested in the indicator system. 
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Additionally, the effects of the antibodies may be transfeired to the indicator 
system by other means. For example, a membrane may be positioned contiguous 
to the medium in order t» adsorb antibodies which diffuse from the antibody- 
forming cells. Suitable membranes include nitrocellulose or other materials which 

5 bind proteins. To further enhance local adsorption of the antibodies, the 
membrane may be coated with proteins such as an antibody or antibodies which is 
specific for immunoglobulins of the same species as that of the aatfljody-forming 
cell. The membrane acts as a repUca upon which the distribution of antibody- 
forming cells in the media may be reproduced. When the membrane is phiced 

10 into one of the indicator systems described below, antibody-forming cells 
producing antibodies of a desired fimction may be detected on the membrane. An 
antibody-forming ceU whidi forms a positive in the indicator system may be 
located by aligning the membrane with the gelified media. If the antibody- 
forming ceUs ar© bacterial cells, the colonies or plaques may similarly be 

15 replicated by plaque or coIoiQf lifts using methods known to those skilled in the 
art. 

It will be evident to those skilled in the art that in addition to 
establishing the presence of cell-produdng antibodies of ft desired function within 
a population of ceUs, the indicator system may also be utilized to optimia© 

20 procedures for hnmunization regimens, to determine sources of antibody-forming 
cells which produce antibodies whidi confer the desired function, or to determine 
the efScacy of protocols for enriching antibody-forming cells. 

The medium incorporating the indicator system should at a 
minimum provide the requirements for the short-term maintenance of cellular 

25 integrity and structures. The medium may be in the form of a Uquid layer, or a 
geUfied layer. Methods for gelifying media are well known in the art Particularly 
preferred gelified media contain about 0.3%.0.6% agar or about 1.0% methyl 
ceUulose. Adherence of geliSed media to glass may be iadUtated by precoating 
the glass. For example, glass slides may be brushed with a hot sohxtion of 0.1% 

30 (w/v) agarose and allowed to dry. followed by addition of a gelified medium. U a 
viable cell Is required after isolation of the antibody-forming cell, then it is 
preferred to use a nutrient medium with appropriate supplements in order to aid 
ceU viabiUty. Particularly preferred media is RPMI 1640 (Oibeo. Grand Island, 
N.Y.), with 10% Fetal Bovine Serum (Hydone Serum) and 20 mM HEPES 

35 (Gibco). Within certain embodiments of the present invention, the indicator cells, 
and in some cases the antibody-forming ceUs, may be adhered to the surfece of a 
microscope sUde or dish culture. Adherence may be induced by coating the 
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surface of the slide Of culture dish with poly-l^Iysine (Sigma Chemical Company, 
Mo,) Of fibronectin (Sigma Chemical Co.). Within one embodiment^ 1 mg/ral of 
poly-L-lysin, or 100 ^g/ral of fibronectin is used to coat a slide or culture dish 
surface for about one houri followed by rinsing with Phosphate Buffered Saline 
S (PBS), 

T1i9 coQ^onents of the indicator system are selected so as to 
manifest activi.. on the surface of an antibody«forming cell. Additionally, in cases 
where antibody is secreted from the surface of the antibody^forminf eeU, antibody 
will diffuse into the nearby vidnity of the celL Thus, in indicator systems which 

10 produce plaques (as discussed below), difiusion of antibody into the surrounding 
indicator system results in a plaque with an individual antibody-forming cell 
located centrally therein. Antibody-forming ceils should be diluted within the 
indicator system to & density wliich allows selection of an individual or small 
number of antibody-forming cells. If it is unclear which cell is responsible for the 

15 activity indicated by the indicator system, or in order to confirm the activiQ^p the 
selected cen(s) may be retested for their abiii^ to produce antibodies with the 
desired effect by transfer to a &esh indicator system. 

Through use of the methods described herein, the desired function 
of the antibody identified by the indicator system may be replicated in another 

20 antibody or other protein, allowing production of the antibody or protein with the 
desired function in virtually unlimited quantities. By this means a variety of useful 
proteins with desired functions may be produced, including proteins with the 
function of mimicking the activity of biologically active factors, such as E^lc, E/» 
II, IL>3, IL4, n^S, IL^, TLH, IFN«e?, IFN^, aCSF, M-CSF, GM-CSF, 

25 TNF^, TGF«A erythropoietin, EOF, PDGF, the ligand of the kit protein, or of 
other biologically active substances. The present invention also allows the 
production of proteins mth a Asnction analogous to antibodies prodticed only in 
human beings, such as antibodies that neutralize a microorganism that is 
pathogenic only in humans {e^g., the MIV»1 virus). Such proteins n^y be used in 

30 the passive immunotherapy of viral diseases, such as AIDS, or in identifying 
important vaccine candidates among antigens of a microorganism including, 
among others, viruses, parasites, yeast, and bacteria. The proteins could also be 
used to discriminate between human histocompaability antigens, blood group 
antigens, or to bind to autoantigens and aid in their characterization. Hie proteins 

35 can also be used as catalysts to carry out en^atic reactions such as the cleavage 
of proteins. 
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In one aspect of the present Invention, the indicator ^stem 
comprises a layer of ceUs whose growth, viability, or function is affected by 
antibodies produced by the isolated antibody-fonnlng ceU. For example, to 
identify an antibody-forraing cell which produces an antibody that neutralizes a 
growth factor or other biologically active molecule, the indicator system contains 
indicator cells which respond to the presence of the WologicaUy acUve molecule. 
The biologically active molecule may cause cells to survive rather than die, to 
change moiphology, or to spread and adhere to a surface. Interference with the 
action of the biologically active factor in the vicinity of the anUbody-forming cell 
indicates the presence of an antibody which neutralizes the growth factor or 
biologically active molecule. 

In contrast, the indicator system may be prepared with a layer of 
cells, excluding a necessary biologically active molecule. With the exclusion of the 
biologically active molecule, antibodies that are able to mimic the particular 
15 action of the biologically active molecule and reproduce the desired change in the 
indicator cell, e.g., by influencing viability, morphology, adherence, or other 
properties, may be detected. Antibodies so detected may eshibit biological 
activity analogous to a protein such as IL-le, n^lA H^2, Rrh ^* K^S, IL^, IL- 
?, IFN-«, IFN-7, Q-CSF. M<SF, OM-CSF, TOF^ TGF-I, eiythropoietln, EOF, 
20 PDGF or the ligand of the Icit protein. 

Within another aspect of the present invention, antibodies may be 
identified which neutralize the pathogenicity of a microorganism. Within the 
context of the present invention, microorganisms include viruses, parasites, 
bacteria, and yeasts or fungi. To identify antibodies neutralizing the pathogenicity 
25 of a microorganism, susceptible ceUs and the microorganism are mixed in the 
indicator system with a source of antibody-forming cells. Desired antibodies are 
identified by the lack of a «ytopathlc effect on susceptible cells in Ae region of the 
antibody-formiag cell If the indicator cells are adherent, th^ may be aUowed to 
adhere to glass slides or petri dish before the gdifled medium contaming 
30 antibody-forming cells is added. As noted above, if the indicator cells are 
nonadherent, pofy-Uysine or fibronectin may be used to coat the surfaces and 
thus aid the adherence of these cells. Within a preferred embodiment, a 
suspension of the indicator cells in medium is applied to the surface at a 
concentration of approximately 2 x 10^ cells/cm2 and aUowed to stand *.»f thirty 
35 minutes to an hour at dTC. After the cells have adhered the surplus medium may 
be removed. 



WO92/02S51 



PCT/CA91/00275 



13 

Examples of such indicator systems include baby rabbit kidney 
(BRK) cells and vaccinia virus, or human T-lymphocyte cell lines and HIV-1, any 
of which may b^ obtained &om conventional sources such as the American Type 
Culture Collection (Rockville, Md.). Antibody-forming cells which release an 
5 antibody that neutralises infection by the virus are identified by their central 
position in a plaque of indicator cells that have been protected from infection and 
have not undergone a ^opathie effect. 

Within om embodiment of the present invention, a Balb/C mouse 
is immunized with an inactivated preparation of vacdnia virus. After several 

10 inmiunizationsy the mouse is sacrificed and the spleen and lymph nodes are 
removed. The spleen and lymph nodes are disassociated to form a single«cell 
suspension of antibody°forming cells, and are mi^ed together with baby rabbit 
kidney cells and allowed to adhere to poly»L»lysine treated glass or plastic. After 
incubating at 3?''C in nutrient medium to allow recovery of metabolic activiQr of 

15 the antibodyofonning cells, the nutrient medium is removed and replaced with a 
thin layer of nutrient medium containing QS% methyl cellulose together with a 
tltr@ of vacdnia vims shown in pilot e^eriments to b@ just sufSdent to produce 
confiuent lysis of the baby rabbit Mdney cells over a 24-hour period. The indicator 
system is incubated in a highly humidified CO2 incubator for 24 hours. Antibody- 

20 forming cells that produce antibody which neutralises the virus result in plaques of 
live baby rabbit Icidn^y cells (which may be identified with phase contrast 
microscopy) surrounding a centrally positioned antibody^forming cell 

Within another aspect of the present invention, the indicator system 
comprises a mixture of two or more cell types. Essamples include cells of distinct 

as HLA histocompatibility antigen types, different blood group antigen Qpes, and 
tumor cells and nonnal cells of the same lineage. Hie two typ^ of cells should be 
distinguishable by morphology, or by marking of one of the populations by for 
esamplSi a fluorescent marker. Antibodies produced by the antibody«forming cell 
are then selected based upon their ability to aggluthxate or lyse one cell of the 

30 pair. 

Within one embodiment, the indicator system is utilized to detect a 
cell producing an antibody that discriminates between a tumor cell and a normal 
cell of the same cell lineage or tissue type as the tumor cell. This may be 
accomplished by the desired antibody agglutinating or induding complement 
35 mediated lysis of the tumor cells, but not the normal cells in the vidnity of Ihe 
antibody^secreting cell. If the tumor cell and the normal cell caimot be readily 
distinguished by morphology, they may be distinguished by labeling one of the pair 
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with a dye, for example, with a fluorescent dye, such as fluorescein isothiocyanate. 
Cefls may be readUy coupled with this dye by incubation with 100/<g/ml of 
fluorescein isothlo<yanate fMolecular Probes, Piano, Tex.) in phosphate-buffered 
saline at pH 8 for thirty minutes. The cells are then washed with phosphate- 

5 buffered saUne and 10% fetal bovine serum. Cells may also be stained with a 
colored substance such as trinitro-pheaol (JNP) using 24-6 trinitro-phenol 
benzene sulphonic add by exposing them to a solutioB of 10 mg/ml in 0.28 
cacodylate buffer, pH 6.9 for 30 raimites at room temperature (Selbcied MBmoos 
IN Cellular Immunoixxiy, B. MisheU and S. Shiigi (eds.), W. H. Freeman and Co, 

10 Sas Francisco, 1987, pp. 112-113). 

Within a preferred embodiment, antibody forming cells at 
concentrations ranging from 10^ to 10^ cells/ml are mixed together with tumor 
and nontumor cells at a concentration of 10^ cells/ml. The mixture is 
supplemented with a source of OTu^lement, such as guinea pig serum that has 

15 been absorbed with sheep erythrotgles, at a dilution such as 1 In 16 by final 
volume, together with an enhancing anU-immunoglobulin serum. The enhancing 
anti-immunoglobulin sensra is generaUy prepared utilizing dther a rabbit or goat 
which has been Immunized and has developed antibodies against the 
immunoglobulins of the animal spedea from whidi anUbody-forraing eells were 

20 derived. This serum Is dihited as determined by pretrial experiments, generally in 
the range of 1 In 80 to I in 400 by final volume. Antibody-forming cells whidi 
generate an antibody that btads only to tumor cells, wiU result in a plaque of 
tumor cells, leaving only nontumor cells surrounding a centrally located antibody- 
forming cell. Phase contrast microscopy with or without the addition of a dye such 

25 as trypan blue may be used to identify plaques or regions where cells have been 
lysed by the action of antibodies, the enhandng anti-tatmmoglobulin antibodies, 

and complement. . 

Within another aspect of the present invention, the indicator system 
comprises erythroqrtes or other partides coated with antigen, and the antibody 

30 exhibiting a desired function is identified as that which binds to the antigen, 
thereby causing the partides to agglutinate or lyse In the region surroundmg the 
annTjody-forming ceU. Many partides may be used in the comext of the present 
invention, including, among others, sheep erythrocytes and artificial partides, sudi 
as beads (Polysciences, Warrington. Penn.) or magnetic beads (Robbin Scientific 

35 Mountain View, Calif.). A number of methods for coating partides with antigens 
are known to those skilled in the art These indude the use of chromic chloride 
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(se§ C R. Parish and J. A. Hayward, Proc. R<>y. sot. 1974) or water- 

sol'^ble caibodiimide (see £. S. Golub et al. £,jQmiiaQL li^l33, 1968). 

In a preferr@d embodimeot, a biotin/avidin coupling system is 
utilized for plaque or "resetting'' assays in order to deteet antibodies that bind to a 
S particular antigen. Briefly, cells (for example, sheep red blood cells) are washed 
thoroughly by centrifiigation with phosphate-buffered saline (PBS). Half a ml of 
padced red blood cells is then susp^ided in S ml of PBS which has been adjusted 
to pH 8-8 J by the addition of sodium hydroxide. A suednimide ester derivative of 
biotin dissolved in dimethyl sulfoxide is added to the PBS, and the mixture is 

10 agitated at room temperature for about one hour. The red cells are then washed 
with PBS, pH 7, and may be stored in the refrigerator for up to two weeks. 

The selected antigen which is to be coupled to the red cells is 
dialyzed overnight in 0.1 M NaHCOs at a concentration of 1 mg/ml. The 
suednimide ester of biotin is dissolved in dimethyl sulfoxide (DMSO) and added 

15 to the solution of the protein, and the mixture is held at room temperature for one 
hour. The biotin-coiyugated protein is then dialyzed overnight against PBS with 
0.1% »)dium s^de and stored by re&igerati<m. 

To eoz^gate biotin-conpled protdns to the red blood cells, 0.2 ml 
of packed biotin-conjugated red cells are first incubated at room temperature with 

20 an excess of avidin (2 ml of 1 mg/ml avidin in PBS, pH 7). The red cells aye 
separated &om the avidin solution by centrifugation and are washed with PBS, pH 
7. The avidin-Goated red cells are then added to a solution of the biotin-coupled 
protein and the mixture held at room ten^erature for one hour. The red cells are 
then separated from the solution by centrifugation and washed three times in PBS, 

2S pH7. 

The optimal conditions for coating the red cells with individual 
protehis may be determined empirically in the chosen indicator system 1^ varying 
the concentration of biotkiylated protein or the degree of biotinylation of the 
protein. Coating of red ceUs widi biotin may be monitored using fluorescein- 

30 coi^ugated avidin and fluorescence microscopy or flow cytometry. Ultewise, 
successful coating of the red cells with the protem may be assessed with a 
fluorescein-conjugated antibody directed against that protein. 

The antigen-^ated red ceUs are prsferably used in an assay based 
upon the ability of specific antibodies, through complement-mediated lysis, to 

35 produce a plaque of hemolysed red cells around an antibody-forming ceU 
secreting the desired antibody. If agar is used to gelify the medium, and- 
complementaty activity should be neutralized by indusion of 1 mg/ml DEAE 
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dextran, Mr 5 x 10^ to 2 x 10^ (Pharmacia Fine Chemicals). To enhance 
complement-mediated hemolysis of antigen-coated eiythroQrtes by the desired 
antibodies, anti-immunoglobulin antibodies or "enhancing" antisera may be 
included in the indicator system. This antisera or antibody is specific for 
5 immunoglobulins of aU classes or of a desired class of immunoglobulin in the 
species from which the antibody-forming cells are derived, and is able to fix 
complement when bound to antibody molecules bound to the aatigen-coated 
erythroq^es. Within one embodiment, enhandag antisefa derived from a sheep 
immunized with murine immunoglobulins is utilized to enhance hemolysis of 
10 murine antibodies. TTie optimal concentration of enhancing antisera may be 
determined by observing the concentration enabUng detection of the greatest 
number of hemolytic plaques in a plaque assay. Witiiin this embodiment the 
indicator system contains a source of antibody-forming cells (e.g., nucleated spleen 
cells from a mouse immunized with an antigen, against which it is d^ired to 
15 produce an antibody), antigen-coated sheep erythrocgrtes i&g., at 5 x 10 /ml), a 
source of complement, guinea pig serum preabsorbed with two equal 
volumes of sheep ©sythro<^ at a final coacentratioa of 10% by vohnne), and 
enhancing serum prepared as described above at a final concentration of 03%, all 
in mitrient medium buffered with 20 mU HEPES. The mixture is imroduced 
20 dropwise under a layer of warm (37^ parafiBn oil on a traaspaieot surfiiee, e^, a 
glass slide, and incubated for one hour. 

Antibody-forming cells which produce an antibody which binds to 
the antigen coated on the sheep eiythroQrtes may be identified by thefa- central 
position in plaques of hemolysed red blood cells with an inverted phase-contrast 
25 microscope. To exclude tiie possibiUty that the antibody-forming ceU is producing 
an antibody that is not specific for the antigen which is coupled to the eiythroqrte, 
but rather the biotinylated indicator, erythrocytes, or avidin, the following test is 
performed. Each candidate aatibody-forming ceU is picked up using a fine glass 
pipette and- micromanipulator and is transferred to a secotid indicator system. 
30 again contalnhig complement and enhancing serum, but in which antigen-coated 
sheep eiyfliroqrtes have been substituted with biotinylated sheep erythrocytes 
coated only witii avidin. This indicator system is prepared as described above; if a 
plaque forms, the candidate cell is discarded as tiie antibody produced cannot be 
specific for the desired protein. It a plaque does not form in 40 minutes t!.e cell is 
35 transferred to a warmed droplet containing tise original indicator ^tem, Le., 
antigen-coated erythrocytes, complement and enhancing serum. Plaque formation 
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in 40 miDutes is taken as confirmatory evidence that the candidate cell is indeed 
producing an antibody specific for the desired antigen. 

Within an alternative embodiment, the indicator system contains 
equal numbers of antigen-coated erythroQ^tes and erythroqrtes lacking the antigen 
5 (biotiaylated ejythro^es coated only with avidin). Plaques formed by cells 
forming antibodies to the desired antigen will be "doudy," as the non-antigea 
coupled eiythroQTtes will not be lysed. In contrast, any "background" plaques 
caused by cells fortuitously producing antibodies against non-antigen coupled 
exythroQTtes will be dear as both coupled and uncoupled erythrocytes will be 
10 lysed. 

Within another aspect of the present invention the indicator system 
may be used to identify antibody-forming cells, such as B lympho^es, which 
produce antibodies of a desired spedfidty, but which express antibody on their 
surface rather than by secreting it. 

IS For example, a "rosetting** procedure may be utilized to identi^^ 

antibodyoforming cells which produce antibodies that bind to a compledng £actor, 
thus forming a rosette. Hie compleidng factor may be sheep e^ythroc^es or other 
particles, such as polystyrene beads whidi have be^ coupled to an antigen. Hie 
eiytbroqrtes or other particles may be coupled by any of the methods well known 

20 in the art, induding the biotin/avidin coupling system discussed above. 
Alternatively, the complemg factor may be a microorganism such as a virus, 
parasite, yeast, or bacteria. To detect antibody-forming cells that bind to the 
desired particles, a population containing candidate antibody^fonning cells, eg:, 
nucleated spleen ceils from an immunized mouse, is mi^ed in medmm with the 

2S particles. The mijcture can be centriiuged at 200 g for 10 minutes and resuspended 
by gentle pipettmg. Antibody»forming cells producing the desired antibody may 
be identified by the attached particles using inverted McrmGOpy and picked up 
using a fine pipette and micromanipulators. Generally, it is preferable to first 
enrich the population of cells to whidi the partides have bound. For exanqsle, the 

30 complexes or rosettes which form due to the antigen<-antft)ody interactions may 
also be enriched by various physical methods, including methods which are 
dependent on densiQ^, magnetic, fluor^ ^nt, or other properties of the rosettes. 
More spedfically, rosettes formed antil)ody-forming cells and coated 
e^ro^es may be enriched using a FicoU-Hypaque gradient. (See C R, Parish 

3S and J. A. Hayward, PmcJgi^v.-^ 12:117, 19740 If the antigen is coupled to 
magnetic particles, cells binding the antigen<*coated particles may be enriched by 
pladng a magnet under part of a plastic flask or disk containing the cell 
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suspension and decanting cells that are not attracted to the magnet by bound 
particles. The individual anuTwdy-fonning cells in the rosettes may be identified 
under a microscope and isolated by micromanipulation. 

Nonspecific antibody-forming cells may ^o be separated using the 

5 above techniques prior to the formation of rosettes with antigen-coated 
erythrocytes. Briefly, within one embodiment, a cell population containing B 
lyn^hoqrtes is mixed in medium with a suspension of control non-antigen-coated 
eiythro^es, e-g-^ coated with biotin and easposed to avidin and washed (without 
treatment with the biotin-coated antigen) at a final concentration of S% by 

10 volume. Hie mixture is gently agitated at room temperature for 60 mtoutes. 
Rosettes consisting of B Jymphocytes with adherent eiythroQrtes are separated 
from the remainder of the nucleated cells, for exaropl© by centrifugatioB using 
Ficoll-Hypaque (Pharmacia, Uppsula, Sweden). This procedure depletes the 
population of B lymphoQrtes reactive with efythro^es, biotin, or avidin. The 

IS procedure may then be repeated with erythro^tes coated with the antigen to 
enrich B lymphoq^es reactive with that antigen. Individual antibody-forming cells 
that have bound the complesdng factor (antigen<oated) etytbroq^es may then be 
identiSed and isolated using an inv^d mi^oscope. 

Other indicator systems may be employed to detect antibodies with 

20 a desired catalytic ftjnction. Within this aspect of the present invention, the 
indicator system comprises a substrate, and the antibody exhibiting a desired 
function is identified as that which modifies the substrate in a detectable manner. 
Within one embodiment, antibody-forming cells are obtained from animals 
immunized with chemical analogues of transition-states which occur during 

25 catalysis by enzymes. These chemical analogues are designed to mimic in their 
shape and charge distribution intermediate stmctures formed in the course of an 
enzymatic reaction {sH R A Lerner and SJ. Benkovic, Si^ssasfi 4;107-12, 1988). 
Lemer and colleagues {see B.L. Iverson and R. A. Usast, ^sssfi 2^:1184-8. 
1989) have also described another approach wherein antibodies are raised against 

30 a complex induding a substrate (a pq>tide) and cofiictor (metal cos^lex) in order 
to produce antibodies which catalyze specific hydrolysis of th© glycine- 
phenylalanine peptide bond along with a metal complex cofector. 

Within another embodiment, antibody-forming cells that produce 
antibodies that activate or inactivate a protein such as an eaayme may be 

35 identified by including that protein in the indicator system. In one embodiment, a 
population of antibody-forming cells from an animal, e.f., a mouse immunized 
with an analogue or analogues of a transition-state occurring durbig catalysis of a 
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peptide bond, is mixed with an indicator system containing mouse eiythroqaes 
and the precursor of the to^n, aerolysin, oiAeromonas hydrophila (J. T. Buckley 
et al., Can. J. Biod^ery, 12(6):430»5, 1981)o Proteolytic cleavage of this precursor 
at a number of peptide bonds susceptible to a variety of known proteases activates 
5 the toxin (S.P, Howard and IT. Buckley, JJSact^doL i51(l):3364a 1985). 
Because the active toxin will lyse eiythrocytes^ antibody<*fonning cells secreting an 
antibody with proteolytic activity will be surrounded by a hemolytics plaque. 

Within yet another embodiment, an antibody capable of activating 
plasminogen is identified using an indicator system in which antibody-forming 

10 cellSi a gelling agent such as agar and nutrient medium are added to a mixture of 
plasma and a source of casein such as skim milk powder. In this indicator system, 
a cell that produces an antibody that activates plasminogen by cleaving it and 
generating plasmin is located by its central position in a plaque where the opacity 
of the skim milk is cleared by the local proteolysis of the casein by plasmin. 

13 Within other embodiments^ the indicator system may contain a 

chromogenic, fluorogenic, colored, or fluorescent substrate designed such that the 
function of the desired antibody, e^., cleavage of the substrate^ may be identified 
by the local generation or loss of eolor or fiuoresesnee. For example, the action of 
the desired antibody could result in the local generation of a fiuorescent or 

20 colored product or the local loss of a fiuorescent or colored substance in the 
vicinity of the cell producing the antibody responsible for the cleavage. Within 
one embodiment, peptide substrates coupled with ar ido-4-methyl coumarin 
release a fluorescent compound when cleaved resulting in a ring of fluorescence 
surrounding the antibody-forming cell. Specific peptides can be used for different 

25 en^raes, e.g., N-acetyI-ala-pro-ala-7-amidO'4«methyl coumarin is a specific 
fluorogenic substate for elastase (see Zimmerman et al^ AnaUSiodim. 21:^7, 
1977). 

Antibodies which are labeled with fluorescent markers such as 
fluorescein or a phycobilUprotein may also be used as a tool to identify the 

30 products of the action of catalytic antibodies in the vicinity of an antibody-forming 
cell. Furthermore, a developing monoclonal antibody that recognizes and fo^^ 
complexes with the products of the breakdown of fibrin (see MJ. Elms et dl„ 
ThfogiK Res. 2fi:321, 1983) will form a precipitate around that antibody-forming 
cell and may thus be used to identify an antibody-forming cell secreting an 

35 antibody that cleaves fibrin. 

Within yet another embodiment, a layer of gelatin may be utilized 
to detect an antibody with coUagenase activity. Within this embodiment, gelatin 
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may be visualized by conpling it with a colored or fluorescent substance, e,g., by 
derivatizing it with dinitrophenol using dinitropbenolisothiocyantate (Eastman 
Kodak Limited, Rochester, N.Y.), to yield a yellow product, or with fluorescein 
using fluorescein isothioQranate (Molecular Probes, Piano, Tex) to yield a 

5 fluorescent product This derivatized gelatin is overlaycd with a thin layer of agar 
containing antibody-forming cells. After incubation at STC for one to four hours, 
the layer is washed with cold nutrient medium. A desired proteolytic antibody 
secreted by the antibody-forming cell will digest the gelatin into small fragments 
that nnQf be washed away. Thus, areas lacking the colored or fluorescent gelatin 

10 are evidence of an antibody-forming cell which produces an antibody exhibiting 
the desired function. 

In another embodiment, to detect an antibody capable of cleaving a 
peptide, that peptide is syntiiesized with an additional cysteine residue at tiie C- 
terminus and a biotin group at the N-terminus. The peptide is coupled by 

IS disulphide bonding to a convenient matrix with free thiol groups such as Thiol 
Sephoarose beads, (Pharmacia, Uppsula, Sweden). Indicator groups such as 
fluorescein-labeled avidin may be used to bind to the biotin and thus label the 
peptide on the beads. Hie labelled-peptide beads are then incoiporated witii a 
cell population containing anlibocly'forninig cells in a layer of nutrient medium 

20 gelled witii 0.5% agar in a petri dish or on a glass slide. The slide is incubated at 
yfC to allow an antibody with a proteolytic function to cleave the peptide, and 
thus to release the N-terminal fragment and its associated label The agar is 
washed five times with 10 mis of cold 4''C nutrient medium, and visualized with 
fluorescent microscopy. Plaques or areas that fail to fluoresce because of the 

25 cleavage of the fluorescein labeled peptides in tiie vicinity of an antibody-forming 
cell are located, and the central antibody-forming cell producing the desired 

antibody is identified. 

As discussed above, the antibody-forming cell producing the desired 
antibody is generally located by its appearance and cential position in the 

30 indicator plaque. An inverted phase-contrast miaoscope is a convenient 
instrument for tills purpose. The antibody-forming cell may tiien be removed and 
placed in nutrient medium or grown in culmre. In most cases, the antibody- 
forming cell can easily be removed with a fine glass pipette and a 
micromanipulator, although witii practice, a skilled technician may not reqdre tiie 

35 micromanipulator. If more tiian one cell is present in the indicator plaque, the 
cells may be placed in a fresh indicator system and incubated for a fiinher period 
in order to determine which cell produced tiie desired response. 
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Once aa antibody-foraiing cell has been identified and isolated, the 
desired functional properties of an antibody may then be transferred from on© 
antibody to another antibody or protein. This may be accomplished by 
transferring the variable region, or a portion thereof which confers the desired 
5 function of the antibody produced by the isolated antibody-forming ceD, Briefly, 
the special property of antibodies that allows the production by animals of a large 
varieQf of different antibody molecules, each with unique binding properties, is 
conferred by the presence in the antibody protein of t^o regions* One region, 
termed the "constant region,'' has the same structure in all antibodies from a 

10 particular isotype of the same spedes. The second region, termed the 'Variable 
region" (Voregion), varies in its amino add sequence from antibo(fy to antibody, 
and it is this variabilis in structure that confers upon each particular antibody the 
special functional properties characteristic of that antibody. Antibody molecules 
are composed of two chains of amino acids (or polypeptides), each with a variable 

IS and constant region linlced together by a disulphide bond. The larger chain is 
termed the "hea^ chain" and the smaller the "light chaia" Th^ region of an 
antibody molecule that performs the desired function in the indicator systems 
described above (the *%inding site") is made up of parts of both heavy and ligiht 
chains. Thus, as discussed below, the sequences encoding the variable regions of 

20 the antibody produced by the antibody'^forming cell may be transferred into 
another antibody or protein^ thus conferring upon that antibody or protein flie 
same function as that of the antibody produced by the isolated antibody-forming 
cell. 

Hie variable regions of the light chain and the heavy chain each 
25 have three subregions where the variation in amino add sequence between 
different variable regions is concentrated; these are termed "hypervariable 
regions." The amino adds that comprise these six bypervariable regions make up 
the binding site. Hie shape, charge, and other dsaracteristies of the binding site 
determine the binding characteristics of the antibody and are termed the 
30 "complementarity determining regions" or CORs. Hie key inforssation that 
spedfies the binding properties of an antibody is thus the amino add sequence of 
the six CDRs, although in some cases the three CDRs of the heavy chain may 
confer a measurable and useful amount of specific binding for a particular protein. 
The amino acid sequence of the six CDRs is determined by the nucleotide 
35 sequence of corresponding parts of the gene encoding the variable regions of the 
heavy or light chains. Thus, the portion of the antibody produced by the antibody- 
forming cell that confers the desired function may be described largely by either 
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the amino acid sequence of the respective six CDRs or by the nucleotide sequence 
of the DNA that encodes and specifies these CDRs. 

As will be evident to one of ordinary skill in the art, the regions of 
cDNA which encode the CDR may be identified by alignment of the predicated 
S amino acid sequence of the V region in question with other V regions from the 
same species or V regions from other spedes. Methods of sequence comparison 
have been described by Kabat et al. (see ""Sequences of Proteins of Immunological 
Interest,*" US. Department of Health and Human Sendees, 1987). Thus, although 
the binding characteristics of a given antibody may be transferred to another 

10 protein by incorporating into that protein the entire variable regions of the heavy 
and light inmiunoglobulin chains, substitution of only a portion of the variable 
region, such as the six CDRs, may successfully transfer or graft binding 
characteristics of antibody produced by the antibody-forming cell to another 
antibody or protein (see L Relchmann etal^ Nature 222:325-27, 1988)- 

IS Furthermore, the successful transfer of the desired function to another protein or 
antibody may be confirmed by expressing that protein in a cell and testing that cell 
in the indicator system used to isolate the antibody forming cell. 

Ibe variable regions or a portion thereof such as the 
complementarity determining regions from the isolated antibody may be 

20 incorporated into a protein such as an antibody utilizing at least two alternative 
methodologies: 

(I) The amino acid sequence of the variable regions or portions of 
the variable regions such as the CDR from the anttT)ody produced by the isolated 
antibody-forming cell may be determined, and used to construct another antibody 

25 or other protein with a function similar to that of the isolated antibody. Once this 
amino acid sequence information has been acquired, it may be used to 
synthetically construct proteins with a desired function, or the DNA sequence 
encoding the desired amino add sequence may be incorporated in the form of 
synthetic oUgonucleotides into a vector capable of expressing a protein with the 

30 desired function f^om a host cell. It will be understood by those skilled in the art 
that the nucleic acid sequence can be used to predict the amino add sequence, 
and vice versa. 

(H) Within a second methodology, RNA from the isolated 
antibody-forming cell is used to generate cDNA, and cDNA encoding the desired 
35 functional region of the antibody is amplified and directly incorporated into an 
expression vector. Alternatively, the RNA may be amplified, used to construct 
cDNA, and the cDNA then incorporated into an expression vector. Within either 
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of these alteraatives, it fs not necessary to determine the nucleic or amino add 
sequence of the CDR, ali ; lOugh in either case the RNA or DNA can be sequenced 
to determine the nucleotide sequences of the variable regions and, in parUcular, 
that of the respective C^Es. This information can be used to generate 
5 oligonucleotides that may be incorporated into a suitable vector. Alternatively, 
the information may be used to deduce amino add sequences of the variable 
region and, in partieular, the CDR and this infoimation may be utilised to 
synthesize an antibody-like protein with the desired functional diaracterisUcs by 
diemical means. 

10 

I. Amino Aod Sequence DBiBRMLMAiioh Ok The Region CoNnaaiNo ThbOesired 
FuNcnoi«AL PaoPEiaiEs Of The AjmaoDY Produccd By Tm AvnaoDY-FoRMixo Cell 

Generally, within this method, the amino add sequences of the 

15 variable regions or, more particularly, of th© CDRs of the antibody produced by 
the isolated antibody-forming cell are determined, and incorporated into a 
selected protein. In general the binding properties of the antibody can be most 
confidently reproduced by feprodudag the amino acid seqn^iee of the entire 
heavy and variable f egioas of the light chains of the antibody molecule. However, 

20 in many ea$@s, a usefiil protein with the binding ptq>erties of the antibody can be 
recreated by substitution of the amino adds of the CD'Rs of those variable regions 
for the CDRs of convenient heavy- and light-aatibody chains. Reichman et al., in 
"Reshaping Human Antibodies for Therapy" (Nature 322:323-327), have described 
factors to be considered in choosing heavy- and light-chain polypeptides which 

25 may receive substituted CDRs in order to create another antibocfy with the same 
desired fiinctioo as the antibody produced by the antibody-forming cell. 
Moreover, as described by Winter and colleagues (see B.S. Ward etal., Nature 
M3jS44 1989; see also R.Orlandi etal., Jfxsts. Natl. Acad. Sd. U.S.A. fiS:3833 
1989). in some eases significant capadty to bind antigen nu^ reside in the CDRs 

30 of the heavy chain alone and dimers of heavy chains may bind useftelly to antigens. 

Hie amino acid sequence of the CDR may be determined by ::..ee 
general methods: (1) directly from amino add sequence of the antibody produced 
by the antibody-forming ceil; (2) from the RNA of the antibody-forming cell; or 
(3) from the DNA of the anu'body-forming cell 



wo 92/02551 



PCr/GA91/00275 



24 

A. Determination Op Thb Variablb Reciok or Forhon THniinoFFROM Ti ns Pabxial 
Amino Acid Sequence OfThu ANiiuauY Produced By Tts A>niBODY-FoRMiNC 

The amino acid sequence of the variable region or a portion thereof 

5 which confers the desired function may be determined directly by at least two 
different methods. First, the antibody-forming cell may be grown to a sufficient 
density such that sequenceable quantities of antibodies are produced. In briet 
cells are incubated for 3 days in nutrient medium such as Iscoves Modified 
Dulbecco's medium containing bovine serum albiuiin. Supematants are collected 

10 and the bulk of the bovine serum albumin is removed using bovine serum 
albumin*speeific antibodies coupled to a solid matrix. The supernatant is then 
subjected to SDS-FAGE under reducing conditions. Proteins are transferred by 
electroblotting to a membrane such as Sequelon (Milligen/Biosearch, Boston, 
Mass.), and bands corresponding to the position of heavy- and light- 

15 immunoglobulin chains are sequenced, as described by Aebersold et al. ("Covalent 
Immobilization of Proteins for High-Sensitivity Sequence Analysis: Electroblotting 
Onto Chemically Activated Glass From Sodium Dodecyl Sulfate-Polyaciyalmide 
Gels," Bfochem. 22:6860, 1988). Alternatively, if the antibody^foimiag cell grows 
slowly or produces only small amounts of antibo(fy, the oell may be immortalized 

20 with any of the techniques wdl known in the art, sud) as the EB virus, 
electrofusion, fusion vrith a n^eloma, in addition to stimulation with factors such 
as in, ILp2, ILp4, IL-5, and ILr6. Furthermore, in contrast to techniques relying 
on the production of stable antibody producing cells • e.g., the hybridoma 
technology or EBV-transformation technology for producing monoclonal 

25 antibodies, the present invention does not require stability beyond the period 
necessary to generate sufficient antibody for sequencing. 

B. DEreRMINAHON OpTHB VARIABLE RbGION OR PORTION THBREOPFrOmTiIERNA 

Encodino Produced BvTha ANiiEooY-FoRMiNa CstL 

30 

Once an antibody-forming cell of a desired function has been 
identified, RNA is recovered from the cell by established methods, such as the 
method of Rappolee etal. rT r^ii Biochem. 32:1-11. 1989), or a scaled-down 
version of the method of Razin et aL r J. Immunol. M:981-987, 1991). The amino 
35 acid sequence may then be determined from the RNA which is produced by the 
antibody-forming cell by at least two different methods. 
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Within the first method, once RNA has been recovered, cDKA is 
eonstructed. Many methods for constructing cDNA from RNA are well known in 
thg art, such as those described by Razln et al. (Ommunol. M:98lo987, 1991). 

Preferably, the cDNAis then amplified using techniques well known 
5 in the art, such as Polymefase Chain Reactiofl (PGR). Ses MulHs, U.S. Patent 
No. 4,683,195; MuUis etal., U.S. Patent No. 4,683,195; and Mallis eta!,. U.S. 
Patent No. 4,800,159. Se® aUo RA. ErBch (ed.). PCR Technology. Stockton 
Press. New York, N.Y, 1989; M. A. Inals et al. (eds.), PGR, ProtocQlg! A Guide to 
MglbfidoM^SSiifigSIm Acadeoiie Press, San Diego, Calif., 1989; H. A. ErUch 

10 (ed.). gQlMmerase Chain Reaction; Current Chmn mnieation in Moleculat Biology. 
Cold Springs Harbor Press, Cold Spring Harbor, N.Y., 1989. Briefly, cDNA 
segments encoding the portion of the antibody that confers ths desired function 
are exponentially amplified by performing sequential reactions with a DNA 
polymerase. Hie reaction is primed by a 5' and a 3* DNA primer, the 3' antisense 

15 primer corresponding to a DNA sequence in the constant (or joining) region of 
the immunoglobulin chain and the 5* primer (or panel of related primers) 
coirespoDding to a DNA sequence in the variable region of the inununoglobulia 
chain. Hiis eombination of oligonucleotide primers has been used in the PGR 
amplification of mnrine immunoglobttlln ^NAs of unktiown sequence (see Sastty 

20 et al., Pmfi^atLAcad. Sd. M:5728-5732, 1989; and Orlaadi et al.. M&JSML 
Acad._ScL M:3833>3837, 1989). When immunoglobulin cDHAs are amplified 
from species in which it is dl^cult to design adequate 5' primers, where few 
immunoglobulin variable r@gion sequences are known, an "anchored polymerase 
chain reaction" may be performed (see Loh et al., §Qiafig 2^:217-220, 1989). In 

25 this procedure, the first strand cDNA is primed with a 3' DNA primer as above, 
and a poly(dG tail) is then added to the 3' end of the strand with terminal 
dedxyntideotidyl transferase. The product is then amplified by PCR using the 
specific y DNA primer and another oligonucleotide consisting of a p6Iy(dC) tail 
attached to a sequence with convenient restriction sites. 

30 The amino add sequence encoding the portion of the antibody that 

confers the desired function may also be determined by a second method. Hie 
recovered RNA is first amplified with T7 or Q-$ repllcase (see Lizardi et al., 
Bin/TechT^yi|OPy g: 1197-1202, 1988). Briefly, a primer bearing a T7 promoter 
sequence, the left half of the MDV°1 sequence (the naturally occurring template 

35 for Q-l repllcase) and a homologous sequence of the specific RNA being 
amplified is used to produce a cDNA copy of the specific RNA using an 
appropriate DNA polymerase. This extended first DNA is hybridized to a second 
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DNA containing the right half of the MDV-l sequence and a sequence 
homologous to the extended sequence of the first DNA. The second sequence is 
extended with a DNA polymerase. Incubation of these DNA complexes with T7 
RNA polymerase results in synthesis of recombinant RNAs that can amplify 

5 exponentially by incubation with Q-^ replicase. Once the mpMici RNA has 
been recovered, cDNA may be constructed using the above^escribed methods. 

Once the cDNA has been obtained using either of the above two 
methods, the nucleotide sequence may then be determined by established 
conventional methods. The amino add sequence of the CDRs will then be 

10 evident from translation of the nudeotide sequence. 

C DBn».MII^TI0KOFltoVAKIABlfiRE0IONORAP0ICnONT 

ENOODINoTteANnBODYPRODUCEDBYTHEANTOODY-FORMBwCEli 



15 



Hie amino add sequence encoding the portion of the antibody that 
confers the desired function may also be determined from the DNA of the 
antibody-forming ceU. Briefly. DNA is recovered from the cell usmg standard 
procedures. Clonal expansion with growth factors or foslon or immortah«iuonof 
the cell as discussed above will enhance the yield of DNA. The speafic DNA 
sequences encoding the rearranged V-regions induding the CDIUjire amphfied 
by PGR ami resulting DNA sequenced by standard procedures. The ammo acid 
sequence of the variable region or portion thereof may be detenmned by 
trLlation of the nudeotide sequence of tiie DNA Because this strategy may 
occasionally amplify a nonproductively rearranged V-region, it may be necessa^ 
25 to test the expression combination of the differem variable heayy and h^t chaws 
suitable ceU and test for the production of the desired antibody m the 



20 



m a 
indicator system. 



30 



35 



Once the amino add sequence of the variable region or portion 
thereof has been identified, the predlded DNAsequencecorresponding to that of 
the ammo add sequence may be incorporated into a vector capable of directmg 
the expression and secretion of the protein with a desired ftmction. 

The procedure described by Reichman et al. in "Reshapmg Human 
Antibodies for THerapy." mms. 222:323-327, may be followed U> substi^te^ 
portion of tiie antibody that confers tiie desired fiinction for tiiose of 8^«ai 
heavy, and light-immunoglobuUn chain genes. Briefly, large mutagemc 
oligonucleotides corresponding to the complementarity determining regions of the 
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heavy and light chains of the antibody in question are transferred to plasraids that 
eon^-in genomic clones corresponding to a rearranged heavy-chain gene or 
rearranged ligbt>chain gene, respectively. 

The resultant heavy- and light-chain genes, now bearing the 
5 complementarity determining regions, may be expressed by the vectors in host 
cells by methods well known to those skiUed in the art Many suitable host cells 
may be utilised, Including among others, bacterial, fungal, mammalian, and insect 
cells. The cell syp@ (such as COS cells or CHO cells) may be selected according to 
the nature of the expression vector employed sueh th&t e»pressloa of the 
10 iramunoglobyiia is optimized. The cells are then transfected using standard 
methods which are well Isnown to one of ordinaiy skill in the art. lliese methods 
include eleetroporatioa or transfeetion using calcium phosphate, DEAE dextran, 
or protoplast fiision methodologies Sambrook et a1. supm.) Subsequently, 
proteins whldi are expressed by the host cell may be readily purified utilizing 
15 methods well known in the art (see gmeFoBy^ SasabtoOs. et aL sup^Q). 

Meroatively, as discussed above, once the amino add sequence of 
the portion of the antibody that confers the desired fimction has been determined, 
a protein may b@ ^thesised diiecdy, sueh diat the ^thetleally constructed 
protein contains the amino add sequence of the conferring the desired function. 
20 Methodologies for the efficient chemical synthesis of large proteins have been 
optimized by Clark-Lewis etal. (see Qark-Lewis etal.. Sdeoj^ 2^:134=139, 
1986). A particularly preferred method is to synthesize and refold separately the 
variable regions of the heavy and light chains using the methods outlined by dark' 
Lewis and colleagues (see dark-Lewis, mpm). Subsequently, the proteins are 
25 allowed to associate to form heavy chain - light chain dimers under conditions as 
described by RA.Kabat in Steuctural c^y^cents in Ymimmology anri 
KmnronffPhemto Holt, Rinehart & Winston, Inc^ New York, N.Y., 1968, pp. 
157-81. 

Within one embodiment of the invention, the amino add sequence 
30 may be optimized to enhance the desired function of the protein. Reichman et aL 
CReshaping Human Antibodies for Therapy," ^tos 122:323-327) have c tlined 
some of ^e factors to be considered in altering the amino add sequence of the 
variable region. Additionally, the indicator systems described herein are powei&l 
tools for screening proteins with variations in their amino add sequence to 
35 identify variants with enhanced functional activities. For exan^le, cells 
transfected with vectors with mutations that lead to changes In the amino add 
sequence of the CDRs or other parts of the V-region and thus seeretiog proteins 
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with poteaiially enhanced functional activity may produce larger plaques in the 
appropriate indicator ^tem. 

The desired function of the antibody produced by the antibody- 
forming cell may also be transferred into proteins other than complete 

5 immunoglobulin molecules. These proteins mclude active fragments of 
immunoglobulm molecules and analogs of inmiunoglobuliiu whidi are also able to 
provide a functional framework for the CDRs. These proteins may be repressed 
either in mammalian cells (see L. Reichman and J. Foote, J. Molec BioL 202:825- 
828. 1988) or in bacteria (see A. A. Sperra and A. Pluckthin. Science 2^:1038- 

10 1041, 1988). Single chain molecules comprising the variable regions of heavy and 
light chains bridged by a polypeptide and produced as a single polypeptide (see 
J. S. Huston etal., Prnc. Natl. Acad. Sci. USA 25:5879-5883, 1988) are another 
type of protein into which desired binding characteristics can be introduced by the 
present invention. likewise, the desired binding characteristics can be transfened 

15 by this invention to fusion proteins in which the V-regions of heavy and light 
chains are fused to one another and to oih^ functional domains or proteins such 
as toxins (see Vijay K. Cbaudbaiy et al.. Na&Ufi 222*394, 1989). 

Vectors may also be produced vdudi direct the expressira of a 
protein with a desired function within a host cell, but in which the nucleotides 

20 encoding the signal sequences that direct secretion of the translated protein have 
been deleted. Such a vector will only direct expression of the protein within the 
Qrtoplasm of the host cell, and not secretion of the protein (see S. Biocca et al., 
EMBO J. 2(1):101-108, 1990). Suitable vectors directing the production of 
intracellular antibodies or antibody derived proteins into which the binding or 

25 other functional characteristics of an antibo(fy have been introduced are usefiil, 
for example, in inhibiting the action of a particular protein in a cell and its 
progeny. Proteins that may be targeted indude viral proteins essential for 
infection by the virus, so that by tiiis means ceUs of animal or plant origin can be 
made resistant to infection by a virus, for example, HIV-1. Uses include the 

30 introduction of such vectors faito the germline to produce disease-resistant 
transgenic animals or plants or into hemopoietic stem cells to produce an immune 
system in which T lymphocytes and other cells of hemopoietic origin are resistant 
to infection with a virus such as HIV. 



wo 92/02551 



PCT/CA91/00275 



29 

n. 

Within a second methodology, as described In more detaU below in 
the Examples, the variable region or a portion thereof (for example, the heavy- 
5 and light-chain variable regions) are subdoned into expression vectors designed to 
restore an appropriate leader sequence and an immunoglobulin<onstant region of 
the chosen light- or heavy-chain class. Alternatively, the amplified cDNA 
corresponding to complete heavy and light chains is cloned and subdoned into an 
expression vector restoring a leader sequence. Such an expression vector would 
10 be based on an established vector into which a functional leader sequence had 
been introduced. UgaUon of the light or heavy chains, their variable regions or 
portions thereof into this expression vector would reconstitute a functional signal 
peptide. 

^5 As will be understood by one of ordinary skill in the art, components 

necessary to practice the present invention ra^ be provided in kit form. For 
example, within one embodiment a kit suitable for carrying out the above- 
described invention includes: cell lysis buffer (see Example 3), en2ymes for 
reverse transcription and PGR, as well as the appropriate buffers (see Example 3), 

20 a set of all primers (see Example 3, SEQ ID.Nos: 1-12), and a vector such as 
p587L Although these components are provided by way of a representative 
example, as one of ordinaiy skill in the art will appreciate various components of 
the present invention may be interchanged with those known to one of ordinaiy 
skill in the art. 

25 The following examples are offered by way of illustration, and not 

by way of limitation. 

KXAVrPT.P.Q 

30 EXAMPLE 1 

Dev^LOFMB.^r^ of an Lndicator System to Dcmcr an A>rnBODY-FoitMiNQ Cqx Which 

NeuzRAUZEs Human IL-2 

To identify an antibody that is able to neutralize the growth factor 
35 human interieukin-2, a cell-line such as CTLLrl (ATCC No. TIB 214) that 
requires human IL'2 to live in culture systems, is washed three times and 
incubated for 4 hours at 3TC in medium, washed again and suspended at 10^ per 
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ml in warm (37*C) medium containing RPMI.1640, 10% fetal bovine serum to 
which has been added a 1/10 volume of a sterile warm (40''C) solution of 3% agar 
(DIFCO Laboratories, Mich.) in water, together with about 0.5 unit of human 11^2 
(Amgen, Sevenoaks, Calif.). This medium promotes 50% of maximal proliferation 
S of this concentration of indicator cells and maintains completely their survival for 
24 hours. A source of factors that can enhance the m vitro survival of antibody 
forming celte can be included; one such useful preparation for mouse antibocfy- 
forming cells is 10% by vohune of a tenfold concentrate of medium conditioned by 
the murine ceU-Iine 3T3 (ATCC No. GCL 92). Other useful additives are IL-1, IJ> 

10 2, GM-CSF, IL4, lL-5. and interferon-r. usually of the species from which 
the antibody-secreting cells were derived. Antibody-forming cells are prepared 
from the spleen of a mouse immunized intraperitoneally three times at monthly 
intervals with human interleukin-2, 100 pg in 0.1 nl of Freund's incomplete 
adjuvant (Difco Laboratories, Mich.), and on the first occasion, in 0-1 ml of 

15 Freund's complete adjuvant (Difco Laboratories, Midi.). The presence of anti-IL- 
2 antibodies in the serum is confirmed by testing serum &om fhe mouse for the 
capaciQr to inhibit IL>2 dependent proliferation of an IL>2 dependent cell-line 
such as CTLL-2, and to bind TL-l In an ELISA assay. A mouse with the highest 
litres of IL2 neutralizing activity is selected and is injected intravenously with 10 

20 ngof interleuIdn-2. Four to seven days later, the spleen is removed and gently 
dissociated into a cell-suspension. Erythrocytes are lysed by brief exposure to 
0.75% hypotonic ammonium chloride in 0.017 M Tris buffer (pH 7.2), leaving only 
nucleated spleen cells ("Selected Methods in Cellular Immunology," B. MisheU 
and S. Shiigi (eds.), W. H. Freeman and Co., San Francisco, 1980. 

25 The nucleated spleen cells are added to the hidicator system at final 

concentrations ranging from 10*/ml to lO^/mL One ml of the mbcture is applied 
to a warm (37°Q glass slide or petri dish and after briefly storing at room 
temperature or in a cold room at 4*^ to allow the agar to set, the slide is 
incubated overnight at 37*C in a humidified CO2 incubator. Hie preparation is 

30 examined for the presence of plaques of dead cells, using an inverted microscope 
and phase contrast optics. Antibody-forming cells that have secreted a 
neutralizing antibody into their immediate environment are identified as (^ntral 
viable cells in plaques of dead cells. 
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EXAMPLE?, 

r 4»VBU)PMEST0PANlVDICAT0RSYSriEMTO DeIECT CeLLS WmCH MLVlclNTEiaEHiaN.2 

To detect cells producing antibodies tliat mimic 11^2, cells that 
5 require IL*2 to survive such crLL-2's, are incubated at a density of 2 x 10^ cells 
per square centimetre, together with a source of nucleated spleen cells taken from 
an animal, ey., a rat; immunized against the receptor for IL-2. This can be 
accomplished by immunization by standard techniques with CIlX-2, or a purified 
preparation of Ae receptor. Hie indicator system mixture is prepared with 0J% 

10 agar and CTLL>2 Indicator celts and a source of anu'body-secreting cells as 
described above, except that no viability-sustaining factor such as IL.2 is included, 
and is layered on a transparent surface and incubated as described above. Cells 
producing antibodies that mimic IL-2 and produce the desired effect, in this 
instance of maintaining viability of the indicator cells, may be identified within 

IS plaques of surviving cells. 

EXAMWP^ 
PaoovcnoN ofan Avn-EmniRocYTC AmnioDY 

20 A 6alb/C mouse is immunized by intraperitoneal injection of 10^ 

sheep erythrocytes suspended in 02 ml of normal saline. Five days later, the 
mouse is sacrificed and the spleen removed. A single^cell suspension is prepared 
by gently mincing the spleen with scissors and pressing it throu^ a wire sieve. 
The spleen cells are washed once with tissue-culnire medium (RPMI-1640 with 

25 10% fetal calf serum and 20 mM HEPES) and resuspended in 40 ml of this 
medium. 

A mixture is prepared, consisting of spleen cells at 10^>10^ per ml, a 
source of complement such as 15% (v/v) guinea pig serum preabsorbed twice with 
an equal volume of sheep eiythro^es, sheep oythrocytes at 5 x 10^/mI, and an 

30 enhancing serum, e.g., 0J% sheep anti>niouse immunoglobulm) in nutrient 
medium buffered with 20mM HEPES. One to ten microliter aliquots of this 
mixture are introduced under a thin layer of paraffin oil (warmed to 3TC) on a 
warm (3TC) glass microscope slide which was incubated in a humidiHed incubator 
at 37^C in 10% CO2 and air for 30 minutes. 

35 The slide is then placed on the stage of an inverted microscope. 

Areas where the sheep erythrocytes have been lysed by the action of antibody and 
complement ("plaques") are located under phase-contrast illumination. Plaques 
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which the antibodyoforming cell has formed can then be confidently identified 
through the following diaracteristics: - 

(a) Evidence of lysis rather than artifactual dearing of the 
eiythrocytes in the form of lysed eiythrocyte "ghosts." 
5 (b) "Die presence in the plaque of a suigle, centrally located 

viable celL 

The ability of the identified cell to produce the desired antibody is 
confirmed by transferring it (using a fine glass pipette manipulated by a 
micromanipulator and connected to a syringe controlled by a micrometer) first 

10 into a droplet of medium on the slide to dflute out any cairied-over antibody and a 
second time into a droplet containing sheep erythrocytes, guinea pig serum, and 
medmm with enhancing serum as before (but no other cells) to confirm that this 
cell formed another plaque after incubation for IS minutes. 

Hiis cell is then transferred (in a volume no greater than 20 of 

15 culture medium) to an eppendorf tube. To this tube is added 20 id of Proteinase 
K (BDH Biochemicals) at lOrag/ml and 100ml of lysis buffer (lOmM Tris HCl pH 
7.4, lOOmM Naa, ImM EDTA, 03% SDS). The solurioa is immediately vortexed 
vigorously then incubated at 37®C for 60 minutes. 

After this incubation a flirther 20 of 2^M NaO is added together 

20 with 50 pg of oligo-dT cellulose, and the mixture incubated overnight on a 
rotating wheel. Hie oligo-dT cellulose (and the bound polyadenylated RNA) is 
then pelleted by centrifiigation, washed once with a wash buffer (lOmM Tris HCl 
pH 7.4, 500mM NaCa, ImM EDTA, 0.5% SDS), the supernatant discarded then 
the pellet washed again with a buffer comprising lOOmM NaQ and lOmM Tris 

25 HCl (pH 7.4). 

The polyadenylated RNA is then eluted firom the oligo-dT cellulose 
by resuspension of the pellet in 15 iH of lOmM Tris HQ (pH7.4). The oligo-dT 
ceUulose is separated by centrifiigation and the supernatant retained. The ehited 
RNA is then reverse-transcribed in a buffer consisting of SOmM Tris HQ pH83, 

30 75mM K(X lOmM DTT, 3mM Mga2, OSvoM each of dOTP dATP dTITP and 
dCIP, 200u M-MLV reverse transcriptase and ImM of each specific antisense 
oligonudeoUde primer listed below. This reaction is perfbrmed in a total volume 
of 25 /il at 37®C for 60 minutes. 

For the following PGR reactions the polyadenylated RNA ii divided 

35 into five pools. The first pool contains the sense and antisense oligonucleotide 
primers for the Kappa light chain. The remaining four pools each contain the 
antisense oligonucleotide primer specific for the CHI regions of the Gamma 1 
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heavy chain as well as two (of the eight) sense oligonucleotide primers which are 
specific for the variable region of the Gamma heavy chain. 

The antisense (and sense) primers are designed to amplify the 
variable and constant regions of the immunoglobin heavy chains of classes mu and 
5 gamma, and the variable and constant regions of the immunoglobulin light chains 
of dass kappa. The antisense primers used correspond to the 3' ends of the 'ing 
regions of the heavy and U^t chain mRNAs. A Hindlll she is introduced a:... the 
stop codon to facilitate doning of the PGR fragment into a pUC 12 vector. 
These antisense oh'gonudeotide primers would be: 
10 1. A primer for a Kappa light*chain constant region (SEQ ID. 

N0:1): 

5* TAG AAG CTT CTA ACA CTC ATT CCT GTT GAA GCT CTT GAC 3' 
2. A primer spedfic for the Gamma CHI regions (SEQ ID. 

NO:2): 

15 5' TTT GG(AG) GGG AAG ATG AAG AC(GA) OAT G(GA)T (CA)C 3* 

The entire 25 /<1 from the reverse priming reaction is then 
transferred to a tube containing 25mM TAPS pH 9J, 2mM Mga2, 5QmM Kd, 
ImM dlthiothreitol, 2.5u Taq DNA polymerase, 02mU of each dATP, dCIP, 
20 dGTP and dTTP, and ImM of each spedfic sense oligonudeotide primer. The 
total volume for this reaction is 100 nl. 

The sense oligonucleotide primers recognize regions of the variable 
region DNAs encoding the N terminal residues of the mature light and heavy 
chains. A Hindlll site is introduced at the 5' end of each oligonudeotide primer to 
25 facilitate doning of the PGR fragment uito a pUC 12 vector. 

These oUgonucleotlde primers would be: 

1. A primer recognizing all Kappa variable regions (SEQ ID. 

NO:4): 

5' TAG AAG CTT CCA OA(TG) GTG ACA T(Cr)(AT) (AT)GA TGA CCC 
30 AGT CTC CA 3' [Interchangeable nudeotides are mdicatea in parentheses] 

2. A series of primers together able to recognize all heavy diain 
variable regions Oisted from 5' to 3'): 
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SEQID.N0:5 TAG AAGCTTCCG AGGTCC AGCTGGTGO AOTCTGG 
SEQID.N0:6 TAG AAG CTT CCG AGGTCC AGCTGGTGGAGT GAG G 
SEQID.NO:7 TAG AAGCTTCCG AGGTCC AGCTTG TOO AOTCTOG 
SEQID.N0:8 TAG AAGCTTCCG AGGTCC AGCTTG TOO AOT GAG G 
5 SEQID.NO:9 TAG AAG CTT CCG AGGTCC AAG TOG TGGAGTCTGG 
SEQID.NO:10 TAG AAG CTT CCG AGGTCC AAG TGG TOG AGTCAGG 
SEQID.NO:n TACAAOCTTCCG AGGTCC AACTTG TGG AGT CTG G 
SEQID.N0:12 TAG AAG CTT CCG AGGTCC AACTTG TGG AGTCAGG 

10 tubes are then placed in an automated thermal order, such as 

the Perkin-Elmer Cetus DNA TTiermal Cycler (Norwalk CT, Part No. N801^5) 
and cycled for 30 cycles with a standard profik using an annealing temperature of 
sec The reaction mix containmg the amplified Kappa light chain is then etbanol 
precipitated hi the presence of 5 Mg tRNA resuspended in a total vohime of 100 

15 lA and digested to completion with HlndHI. 

Rve microUters of the reaction mixtures containing the amphfied 
heavy chain DNAs are then subjected to a further two cycles at 6(yc in the 
automated thermal cycler, then for 19 additional (ycles at 70PC For th^se 
additional PGR cycles the eight sense oKgonudeotide primers described above for 

20 the heavy diain variable region are again utilized in four groups of two. together 
,vith the follovdng nested oligonudeotide primer whidi is 'P^^^'^'^;^ 
portion of the CHI region of aU gamma diain constant regions (SEQ ID. N03): 

y TAG AAG CTT CTA AGA ATC (TC)CT (GA)GG GAG (AG)A(TG) 
T(TQT CTTTGCTAKCT) CA(GaJG3' 

The reaction mixes containing the amplified gamma Kght chain are then ethanol 
predpitated in the presence of 5 ug tRNA, resuspended in a total volume of 100 M 
and digested to completion with Hindm. 

nie digested light djam and heavy chain DNAs are then separated 
by 1% agarose gel electrophoresis and the amplified Ught- and heavy-chain DNAs 
isolated from the gel. The Ught-chain DNA would be expected to be in the order 
of 600-700 bp and the heavy-chain DNA in the order of 600.750 bp. 

Each of the light and heavy diains is doned into the Hmdm site of 
35 PUC12 by standard methods. (See Sambrook etal. Mn1ftm1»ir QQmt\ A 
T.hnr.tnn,M.nud. Cold Spring Harbor Laboratory Press, 1989). Eadi end of 
both diains is sequenced by double stranded sequencing using the standard 
dideoxy chain termination method. The sequendng has four purposes: first, to 



25 



30 
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confirm that the bands are indeed immunoglobulin heavy and light chains; second, 
that the 5' primer has introduced the Hindlll in the required frame (see below); 
third, that the 3' primer has introduced an in-frame stop codon; fourth, to locate 
comrenient resttiction sites with whldi to determine orientation of the insert when 
S subcloned into the expression vector. 

The light- and heavy-chain DNA sequ«aces axe then transferred 
from the pUC12 vector to the Hindlll site of the expression vector pS87L (see 
Gunning et al., EffisJiaJLA£aiLSd*M:483M83S, 1987) using standard methods. 
This vector is based on the p587 expression vector in which the leader sequence of 

10 the m rine IL-a gene has been inserted, ligation of the light or heavy chain into 
this p587L vector, in the conect orientation, will reconstitute a functional signal 
peptide. Orientation is determined by digestion with the restriction endonuclease 
found to be convenient on DNA sequencing, followed by separation of the 
digested fragments by agarose gel electrophoresis. 

15 The s^Mirate light- and heavy-diain expression constructs are 

expanded in & coK and purified by standard methods. These two expression 
constructs are then mixed in equimolar amounts and transfected into CX>S-7 cells 
for e9q}ression. This transfeetion is performed by a standard calcium phosphate 
precipitation method. Twelve hour; after transfeetion, the culture medium is 

20 changed and the cells cultured for a period of 3 days. 

Conditioned medium from these cultures is collected and the 
protein is purified using an immuno-affin - column coupled with antibodies 
specific for the protein. Such antibodies coujd include antibodies specific for the 
variable region, framework region, or part of the constant region of 

25 immunoglobulin derived from the same species as the DNA sequences in the 
vector into which oligonucleotides corresponding to the CDRs of the protoQfpic 
had been inserted. AfiBnity chromatography using a column coupled with the 
substance to which the antibody binds may also be utilized to purify the antibo^. 

From the foregoing, it will be appreciated that, although specific 

30 embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 
the appended claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: ' 
(i) APPLICANT; Schrader, John W. 

(ii) TITLE OF INVENTION: METHODS FOR THE PRODUCTION OF PROTEINS 
HITH A DESIRED FUNCTION 

(ill) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Seed and Berry 

(B) STREET: 6300 Columbia Center 

(C) CITY: Seattle 

(D) STATE: Washington 

(E) COUNTRY: U.S. 

(F) ZIP: 98104-7092 



(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATINfi SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(Vl) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vlil) AHORNEY/AfiENT INFORMATION: 

(A) NAME: HcMasters, David D. 

(B) REGISTRATION NUMBER: 33,963 

(C) REFERENCE/DOCKET NUMBER: 140053.401PC 

(1x) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 206-622-4900 

(B) TELEFAX: 206-682-60M 

(C) TELEX: 3723836 



(2) INFORMATION FOR SEQ ID N0:1: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(1i) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
TAGAAGCTTC TAACACTCAT TCCTGnOAA GCTCHGAC 39 
(2) INFORMATION FOR SEQ ID ND:2: 

(1) SEQUENCE CHARACTERISTICS: 

A) LENGTH: 29 base pairs 

B) TYPE: nucleic acid 
C STRANOEONESS: single 
D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 

(111) HYPOTHETICAL: NO 



(x1) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

THGGRGGfiA A6ATGAAGAC R6ATGRTNC 29 

(2) INFORMATION FOR SEQ ID N0:3: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 43 base pairs 
(B TYPE: nucleic acid 
(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(11) MOLECULE TYPE: cONA 

(111) HYPOTHETICAL: NO 



(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TACAAGCnC TAACAAT^YC TR6GCACRAK TYTYHGWYC AMC 43 

(2) INFORMATION FOR SEQ ID N0:4: 

(1) SEQUENCE CHARACTERISTICS: 
\) LENGTH: 41 base pairs 
("4 TYPE: nucleic add 

C) STRANOEONESS: single 

D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
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(x1) SEQUENCE DESCRIPTJON: SEQ ID NO: 4: 

TACAASCTTC CAGWCGTfiAC ATYWWGAT6A CCCAGTCTCC A 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
h) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHCTICALs MO 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
TACAAGCnC CGA66TCCAG CT6GTGGAGT CT66 
(2) INFORMATION FOR SEQ ID N0:6: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
TACAAGCnC CGAGGTCCAG CTG6TGGAGT CAGG 
(2) INFORMATION FOR SEQ ID N0:7: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
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(iii) HYPOTHETICAL: NO 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TACAAGCTTC CGA6GTCCAG CHGIGGAGT CTG6 
(2) INFORMATION FOR SEQ ID N0:8: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

C) STRANDEONESS: single 

D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 



(XI) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

TACAAGCnC CGAGGTCCAG CHGTGGAGT CAGG 34 

(2) INFORMATION FOR SEQ ID NO: 9: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
(b) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

TACAAGCTTC CGAGGTCCAA CT6GT6GAGT CT6G 34 

(2) INFORMATION FOR SEQ ID NO: 10: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
(B TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 
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(11) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
TACAASCnC CQAGGTCCAA CT6ST6QA6T CA66 
(2) INFORMATION FOR SEQ ID N0:11: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENfiTK: 34 ba$e pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cONA 
(111) HYPOTHETICAL: NO 



(Xl) SEQUENCE DESCRIPTION: SEQ ID N0:1I: 
TACAAGCnC CGAG6TCCAA CT6GTGGAGT CAGG 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(1i) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 
TACAAGCTTC CGAGSTCCAA CTT6TG6AGT CT6G 
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1. A method for producing a protein with a desired functi(m» 

comprising: 

(a) providing a population of andbod Corming cells suspected of 
containing at least one cell capable of producing an antibody exhibiting the desired 
function; 

G>) suspending the population of antibody-forming cells in a medium, 
the medium having an faidicator i^tem incorporated therein, said indicator system 
being capable of indicating the presence and location of a cell which forms antibodies 
exhibitfaig the desired function; 

(c) identi^ng a cell forming an antibody exhibiting the desired 

fimction; 

(d) isolating the identified antibody-forming cell from the mediu**'* 

(e) determining the amino add sequence of the variable regie. a 
portion thereof which confers the desired function of the antibody produced by the 
isolated antibody-forming cell; and 

(0 ^thesizbg a protein with a desired function, said protein 
containing the amino add sequence of said the variable region or portion thereof whidi 
confers the desired functioa 

2. A method for producing a protein with a desired function, 

comprising: 

(a) providing a population of antibody-forming cells suspected of 
containing at least one cell capable of producing an antibody exhibiting the desired 
function; 

(b) suspending the population of antibody-forming cells in a medium, - 
the medium having an indicator system incorporated therein, said indicator system 
being capable of indicating the presence and location of a cell which forms antibodies 
exhibiting the desired fimction; 

(c) identifying a cell forming an antibody exhibiting the desired 

function; 

(d) isolating the identified antibody^forming cell from the medium; 

(e) determining the amino add sequence of the variable region or a 
portion thereof which confers the deshred function of the antibody produced by the 
isolated antibody-forming cell; 
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(f) incorporating the DNA sequence corresponding to the amino add 
sequence of said variable region or portion thereof conferring the desired fimction into 
a vector, said, vector capable of directing the expression and secretion of said protein 
with a desired function; 

(g) transfecting said vector into a host cell; 

(b) growing said host cells in an appropriate inediim^ and 
(0 isolating the proteiii with the desired flmetioii. 

3. The method of dalms 1 or 2 including, subsequent to the step of 
determining the amino add sequence, optimizing the amino add sequence of said 
variable region or portion thereof conferring the desired function sudi that the desired 
function is enhanced. 

4. The method of claims 1 or 2 induding, subsequent to the step of 
isolating the antibody^forming cdk 

(a) recovering RNA from said isolated antibody-forming oeU; 

(b) generating cDNAfi'om said RN^ and 

(c) amplifying the cDNA of the variable region or a portion thereof 
which confers the desired function of the antibo^ produced the isolated antibody- 
fbrmingcelL 

5. The method of daims 1 or 2 induding, subsequent to the step of 

isolating the antibody-forming cdt 

(a) recovering RNA from said isolated antibody-forming cell: 

(b) amplifying the RNA of the variable region or a portion thereof 
which confers the desired fimction of the antibody produced by the isolated antibody- 
forming cell; and 

(c) generating cDNA from said RNA 

6. The method of daims 1 or 2 induding, subsequent to the step of 
isolating the antibody-forming cell: 

(a) recovering DNA from said Isolated antibody-forming cell; and 

(b) amplifying the DNA of the variable region or a portion thereof 
whidi confers the desired fimction of the antibody produced by the isolated antibody- 
forming cell. 
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7. A method for producing a protein with a desired fiinctioii, 

comprising: 

(a) providing a population of antibody-fonning cells suspected of 
containing at least one cell capable of producing an antibody exhibiting the desired 
ftmction; 

(b) suspending the population of antibodyfonning cells in a medium, 
the medium having an indicator system incorporated therein, said indicator system 
being capable of indicating the presence and location of a cell which forms antibodies 
exhibiting the desired function; 

(e) identifying a cell forming an antibody exhibiting the desired 

function; 

(d) isolating the identified antibody-fonning cell from the medhun; 

(e) recovering RNA from said isolated antibody-forming cell; 

(f) generating cDNA from said RNA; 

(g) amplifying the cDNA of the variable region or a portion thereof 
which confers the desired function of the antibody produced by the isolated antibody- 
forming cell; 

(h) mcorporating the amplified cDNA hito a vector capable of 
directing the ei^ression and secretion of protein with tiie desired function; 

(i) transfecting said vector into a host cell; 

0) growing said host cells fai an appropriate medium; and 

Oc) isolating tiie protein widi the desired function from said host cell 

8. A method for producing a protein with a desired frinction, 

comprising: 

(a) providing a population of antibody-forming cells suspected of 
containing at least one cell capable of producing an antibody exhibiting a desired 
function; 

(b) suspending Uie population of antibody-forming cells in a medium, 
die medium having an indicator system incorporated therein, said indicator system 
being capable of hidieating the presence and location of a cell which forms antibodies 
exhibiting tiie desired function; 

(c) identifying a ceU forming an antibody exhibiting tiie desired 

function; 

(d) isolating tiie id ntlfied antibody-forming cell from tiie medium; 

(e) recovering RNA from said isolated antibody-forming cell; 
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(f) amplifying the RNA of the variable region or a portion thereof 
which confera the desired function of the antibody produced by the isolated antiboify^ 
forming cell; 

(g) generating dDNA from said RNA; 

(h) incorporating the cDNA into a vector capable of directing the 
e}q)re5sion and secretion of a protein with the desired function; 

(i) transfecting said vector into a host oeU; 

0) growing said host cells in an appropriate medium; and 

(k) isolating the protein with the desired function from said host cell. 

9. The method of claims 1, 2, 7, or 8 wherein said medfaun is selected 
from the group consisting of a layer of gelified media and a layer of liquid media. 

10. The method ofdaim 9 wherein the medium is a nutrient medium. 

11. The method of claim 9 wherein the gelified media comprises 
about 0.3% to 0.6% agar or about 1.0% methyl cellulose. 

11 The method of dauns 1, 2, 7, or 8 wherein the antibody-forming 
cells are obtahied from an animal which has been immunized with a selected antigen. 

13. The method of claim 12 wherein the antigen is selected from the 
group consisting of erythropoietin, eiythropoietm receptors, colony-stimulating factors, 
and viral antlg^, 

14. Hie method of dauns 1, 2, 7, or 8 v&erein the antibody-forming 
ceils are obtained from an animal which generated said cells during the course of a 
selected disease. 

15. The method of claims 1, 2, 7, or 8 wherein said animal is a waxm^ 
blooded animal selected from the group consisting of rabbits, humans, mice, rats, sheep, 
cows, aiul pigs. 

16. The method of daims 1, 2. 7, or 8, induding, subsequent to die 
step of isolating an identified antibody-forming cell, enriching the population of 
antibo(fy-forming cells by exposure to bovine serum attmmin or Percoll gradient 
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17. nie method of daims 1, 2» 7, or 8 wherein the indicator system 
comprises a layer of cells whose growth, viability, or function is affected by antibodies 
exhibiting a desired function produced by the isolated antibody*{brming cell 

18. The method of claims 1, 2, 7, or 8 wherein the antibody which 
exhibits a desired function exWbits biological activity analogous to a protein selected 
from the group consisting of n^la, II^l^, IL-2, IL-3, TLA, IL-S, 11^6, IL-?, IFS-a, IFN- 
7. G-CSF, M-CSF, OM-CSF. TNF^ TGF-A eryUiropoietin, EGF, PDGF, and the 
ligand of the kit protein. 

19. The method of daims 1, 2, 7, or 8 vdierehi the indicator system 
comprises one or more patfaogenie microoiganisms. and a layer of cells susceptible to 
uifection by said microorganisms, wherein said antibodies exhibiting a desired function 
are identified as diose which effect the pathogenidty of the microorganism. 

20. The method of daim 19 wherein tixe layer of cells is adhered to a 
glass slide or petri dish. 

21. ITje method of claims 1, 2, 7, or 8 wherefai the indicator system 
comprises a set of two cell types selected from the group consisting of cdls of distinct 
HLA histocompatibiU^ antigen types, blood group antigen types, and tumor cells and 
normal cells of the same lineage, wherein said antibodies exhibiting a desired function 
are identified as those which agglutinate or lyse one cell of the pau*. 

22. Tbc metiiod of daim 21 wherein one of said cell types is labeled. 

23. The meUiod of daims I, 2, 7, or 8 wherehi the indicator system 
comprises eiythrocytes or other particles coated with antigen, and said antibody 
exhibiting a desired faction is identified as that whidi binds to the antigen, thereby 
causing iht partides to agglutinate. 

24. Tb» metiiod of daims 1, 2, 7, or 8 wherein tiie indicator system 
comprises eiytiirocytes or oUier partides coated witii antigen, and said antibody 
exhibiting a desired function is identified as tiiat which bfods to tbt antigen, ^ing tiie 
cells or partides in tiie presence of con^lement 
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25. The method of daim 24 whmin the eiythrocytes or other 
particles are coated with antigen utilKing a biotin/avidin coupling ^stem. 

26. The method of claim 24 wherein the indicator system further 
comprises anti-immuno^obulin antibodies sudi that conqilement fixation is enhanced. 

27. The method of claims 1, 2, 7, or 8 wherein the indicator system 
comprises a complexing £aeior, and said antibody-forming cell is identified as that which 
binds to the con^Iexing factor, forming a rosette. 

28. The method of daim 27 wherein the complexing factor is an 
erythrocyte coupled to an antigen. 

I 

29. The method of daim 27 wherein the complexing factor is a 
partide coupled to an antigen. 

30. The method of daim 27 wherein the complexing factor is a 
microorganism. 

31. Hie method of claims 1, 2, 7, or 8 wherein the indicator q»tem 
comprises a substrate, and said antibody adilbiting a desired fiinction is identified as 
that whidi modifies the substrate in a detectable manner. 

32. Tbe method of daim 31 wherein the substrate is a chromogenic 
substrate, and wherein said dixomogenic substrate is modified to produce a detectable 
color change in the vicinity of the antibody-forming cell 

33. The method of daim 31 wherein the substrate is a fluorogenic ' 
substrate, wherein said fluorogenic substrate is modified to produce a detectable 
change in fluorescence in the vicinity of the antibody-forming celL 

34. Tlie method of daim 31 wherein the substrate is a colored 
substrate, wherein said colored substrate is modified to produce a detectable loss of 
color in the vicinity of the antibo^-forming ceU. 
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35. The method of claim 31 wherein the substrate is a fluorescent 
substrate, and wherein said fluorescent substrate Is modified to produce a detectable 
loss of fluorescence in the vidnliy of the antibody-fbrming cell 

36. The method of claim 31 wherein the antibody exhibiting a desired 
flinction cleaves the substrate, the product of this reaction allowing the detection of said 
antibody upon the addition of a reagent selected from the group consisting of stains, 
and, labeled antibodies. 

37. The method of daim 31 wherein the substrate is a precunor of the 
hemolytic toxin aerolysin and wherein said antibody exhibiting a desired function is 
identified as that which cleaves said precursor, thus activating the toxin. 

38. The method of claims 1. 2, 7 or 8 wherein the indicator system is 
positioned contiguous to the |WM)««m. 

39. A proteki produced aocoiding to the method of claims 1, 2, 7 or 8. 
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